In the last years there has been an increase in the use of plastic materials in the food 35 sector and consumer products, both for primary and secondary packaging. In the 36 bottling industry, bottles are manufactured from specific polymers depending on the 37 capacity of the container, each of them with unique characteristics as regards bottle 38 strength, storage time, type of dispenser and disposal. Primary packaging is made with 39 high density polyethylene (HDPE), polyethylene terephthalate (PET) and polycarbonate 40 (PC) while caps are made of high density polyethylene (HDPE), low density 41 polyethylene (LDPE) and polystyrene (PS) is used as septa in many caps (World 42 Packaging Organization (WPO) 2008). These polymers contain additives such as 43
antifogging, reinforcing and antistatic agents, blowing agents, colorants, fillers, 44 lubricants, nucleating agents, optical brighteners, heat and light stabilizers, antiacids, 45 antimicrobials, antioxidants, chain-breaking, photo-and hydroperoxide deactivating 46 antioxidants, dehydrating agents, light screening pigments and UV absorbers (Bolgar 47 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Although article filling is a conventional test to evaluate the migration of plastic 140 components, total immersion was used because in our laboratory conditions, it was 141 impossible to perform migration test of containers as big as 18 L (e.g. coolers). 142
According to the specific migration test performed, values are given in µg dm -2 because 143 the samples were extracted from bottles as sheets and not as filled samples (Table 3) . 144
Also, the migration tests used in this study can be considered as total immersion tests, 145
where the two plastic layers, inside (in contact with food) and outside (in contact with 146 the environment) are in contact with the food stimulant. In European standards, it is 147 considered the most severe test. 148
All sample manipulation was done using polytetrafluoroethylene (PTFE) tubing 149 and glass material to avoid external contamination of the samples. weighed. The plastic sample was placed in a "sandwich" made of the plastic chip placed 158 in between two C 18 adsorbent disks, as it is shown in Figure 1 . The "sandwich" was 159 placed under a weight of 5 kg, and was introduced in an oven at 40ºC during 10 days, as 160 described in Directive 82/711/EC and their modifications (Directive 93/8/EC and 161
Directive 97/48/EC). After that, the "sandwich" was removed and the adsorbent disks 162 and samples were re-weighed to determine the weight difference. All polymers were 163 tested except LDPE and PS sample which were adhered to the sorbent and could not be 164 weighed after incubation. 165
Ultrasonic extraction method was developed as an accelerated method to force 166 the migration of plastic components and additives to water. Although the results 167 obtained in this method are not comparables with legislated values, it permits to identify 168 the compounds that tend to migrate. 1 g of 0.5-1 cm 2 plastic chips was introduced in 169 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 than when calculated from a spiked sample at low concentration and using 3 times the 224 noise signal. However, it is more realistic and provides better accuracy by reducing the 225 risk of overestimation due to sample contamination by the ubiquitous presence of 226 phthalates in laboratory air and even in the MS injection port. Quality controls were 227 performed using HPLC water spiked at 1 µg L -1 and were incubated in the absence of 228 any plastic using the ultrasonic extraction and the UNE-EN 13130 method, in triplicate 229 and using closed glass containers. 230 231 232
Results

233
Performance of the 3 migration tests 234
Migration tests permit to assess the potential leaching or migration of plastic 235 components or additives. The UNE-EN ISO 177 method was used as a screening tool to 236 determine the migration of plasticizers but was not adequate to identify specific 237 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The identification of plastic components was done in scan acquisition mode, which 242 provided high selectivity and good identification capabilities and no response 243 enhancement was observed due to the migration of other polymerized plastic to the 244 extracts. The method allowed the determination of target analytes in water samples at 245 levels of sub µg L -1 (Table 1 ). The LOD of phthalates were high compared to other 246 studies (Peñalver et al. 2000) because they were calculated from the 3 times the 247 standard deviation of the blank samples which always contained traces of phthalates that 248 originate both from the extraction and from the GC injection port. The use of surrogate 249 standards to quantify each compound was necessary to achieve accurate results, taking 250 into consideration the loss of analytes during incubation or extraction. The recoveries of 251 the analytes were between 93 and 125% for the SPE-GC/MS method (Table 1) . 252
253
Migration of plastic components and additives from bottled water and caps 254 UNE-EN ISO 177 provides an unspecific method capable to determine the total mass of 255 compounds migrating from plastic containers. Table 2 proves that tested plastics 256 incubated at 40ºC lost weight, which was gained by the adsorbent, although there was 257 some mismatch due to the fact that some volatile compounds were lost during 258 incubation at 40ºC, as considered in UNE-EN ISO 177. For example, for the PC plastic, 259 there was a 0.1 mg increase in the plastic due to humidity increase in the weighing 260 process but the gain of 2.3 mg in the sorbent after incubation should be taken into 261 consideration. Overall, the lose in plastic weight provides first evidence on the overall 262 migration of plasticizers from incubated plastics although this method failed to identify 263 and quantify specific compounds prone to migrate. 264
Migration tests UNE-EN 13130 and ultrasonic incubation were able to identify 265 target compounds. Ultrasonic method is a fast extraction method and was developed in 266 an attempt to validate it by comparing the results with the incubation at 40ºC. We found 267 that qualitatively, both methods provided similar information, but quantitatively, 268 compounds were extracted with different efficiency. Phthalates were not detected in any 269 of the plastics tested and in any of the treatments used, and indicates that either these 270 compounds were not added in the tested plastics or either that they do not migrate at the 271 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 were of 45% and 76% for respectively, and using the UNE-EN 13130, recoveries were 274 92% and 97% for NP and BPA, respectively. The different recoveries using both 275 migration tests reflect the losses that occur during the incubation period, which are 276 higher when using ultrasonic extraction, especially for NP. 277
Ultrasonic incubation forces the migration of compounds by applying an 278 ultrasonic wave which enhances the detachment of plastic components or additives 279 which are released to water. Results showed that there was not any difference in the 280 migration of plastic compounds using different extraction times (5, 10 or 15 min) and 281 thus, an extraction time of 5 min was chosen. Using this technique, NP was identified in 282 the incubated plastics at levels of 0.212-0.242 µg dm 2 while BPA was only detected at 283 1.870 µg dm 2 in the PC plastic (Table 3) . (Table 3 ). This method was more efficient in extracting 292 plasticizers and additives from plastics than ultrasonic extraction, and was able to 293 determine NP in all types of plastic and BPA in PC, HDPE, LDPE and PS. Both NP and 294 BPA can be used as plastic additives to improve the quality of plastic. 295
These two last methods are complementary and provide similar information on 296 the migration potential, qualitatively. Ultrasonic bath provides a lower migration of 297 BPA and NP compared to the UNE-EN 13130 (Table 3) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 PET is one of the most common polymers used in bottled water container for its 317 lightness, its gas barrier and its possibility to be recycled, and it is generally used in 318 volumes from 0.33 up to 8 L bottles. Although in general it is for a single use, some 319 companies recycle up to 25% of this plastic in the manufacture of new bottles. NP was 320 detected at a mean concentration of 0.332 µg dm -2 (n=3) and BPA was not detected in 321 any replicate in this kind of plastic (Table 3) HDPE is characterized by its strength and resistance to many solvents and is 330 used in bottles of 5-8 L. This material is also used in the manufacture of caps, since it is 331 resistant and it has a good sealing capacity. NP was released at concentrations 0.579 µg 332 dm -2 and 1.282 µg dm -2 for HDPE bottles and caps, respectively (Table 3) . For HDPE 333 caps, BPA was detected at 0.145 µg dm -2 and no traces were found in HDPE bottles 334 (Table 3) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 LDPE is the polymer used in the cooler caps, its structure is the same as HDPE 347 but the density is lower so LDPE is used in caps and not in bottles. NP and BPA 348 migrated as shown in Table 3 at levels of 0.413 and 0.128 µg dm -2 , respectively. 349 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Many studies have been carried out on the toxicity and potential estrogenic 420 effects of BPA using various animal models, cellular lines and at molecular and 421 biochemical level. These studies set the initial basis to carry out risk assessment studies 422 of BPA on humans. However, discrepancies have been observed in these on going 423 studies regarding both the effects of BPA and the levels that cause these effects. From a 424 toxicological point of view, if the aquatic toxicity is considered using Daphnia magna, 425
EC 50 values range between 1 and 20 mg L -1 (Table 1) , and although these 426
concentrations cannot be extrapolated to a human model toxicity, they are an indicator 427 that effects caused to a very sensitive specie are initiated at the mg level. Cespedes et al. 428
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